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ABSTRACT . 

The LOR mode, u s i n g  a f ree  r e t u r n  t r a n s l u n a r  t ra-  

j e c t o r y ,  has been t h e  Apollo o b j e c t i v e  f o r  a number o f  years .  

T h i s  memorandum a i r s  t hough t s  on t h e  c u r r e n t  va lue  o f  free 

r e t u r n  and on t h e  deg r ee  t o  which t h e  Apol lo  system has been 

o r  may be  shaped by t h e  f ree  r e t u r n  requ i rement .  

It concludes  t h a t  f r e e  r e t u r n  i s  s t i l l  a u s e f u l  g o a l ,  

t h a t  t h e  hardware i s  no t  overdes igned i n  any s i g n i f i c a n t  re- 

s p e c t s  as a r e s u l t  of  t h e  f ree  r e t u r n  requ i rement ,  and t h a t  

t h e  so f twa re  packages nece s sa ry  t o  f l y  t h e  mi s s ion  w i l l  be  t h e  

p a r t  o f  t h e  s y s t e m  most d i r e c t l y  a f f e c t e d  by t h e  f r ee  r e t u r n  

requ i rement .  I n  t h e  so f twa re  area there  i s  t h e  i m p l i e d  danger  

t h a t  t h e  p r o j e c t  cou ld  become committed t o  f r e e  r e t u r n  to a 

degree  t h a t  was never  i n t ended .  To avo id  t h i s  danger ,  s p e c i f i c  

non- free r e t u r n  a l t e r n a t i v e s  must a l s o  b e  des igned i n t o  t h e  

so f twa re .  

a . . .  . 
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SUBJECT: The Impact of Free Return Missions DATE: March 28, 1966 
on the Apollo System - Case 310 

FROM: R. L. Wagner 

MEMORANDUM FOR FILE 

INTRODUCTION 

The free return concept is being implemented for 
Apollo. Since it is a constraining element for hardware and 
mission planning, several serious proposals have been made to 
remove the free return requirement. Such was the case in 
connection with the AV budget during the spring of 1965 and 
again recently because of heat shield problems. This memo- 
randum collects together some of the basic thoughts and pre- 
cepts which support and surround the current position on free 
return. Many of these seem to get forgotten or confused each 
time the free return question is argued anew. 

DISCUSSION 

There are several rather different aspects from which 
to view free return. They are separately discussed in the para- 
graphs which follow. 

Safety: 

The free return trajectory provides a more comfortable 
contingency situation during translunar coast than does the non- 
free return. There is a very good chance of being able to do 
the necessary propulsion and guidance to return t o  earth while 
on a free return trajectory. The SM, RCS, SPS, LEM descent, and 
LEM RCS each have the inherent capability to provide useful 
propulsion and the CM RCS and LEM ascent might also be of help 
in dire circumstances. For non-free return missions only the SPS 
o? LEM descent engines can provide the AV to effect return to 
earth. Also, the guidance for free return could easily be en- 
tirely manual and coached from the ground as long as the MSFN 
was operating properly. This could be done without a functioning 
platform or computer on board. For non-free return missions 
similarly crude techniques become less effective. 

Requirements: 

There are requirements on the Apollo system which are 
traceable to the free return mission and which are not required 
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for other types of missions as well. One which comes to mind 
is the heat shield thickness which could easily be sized by the 
needs of free return. The thickness required for free return 
reentries is not much greater than for normal returns, however, 
and this added thickness does provide margin for more rapid abort 
returns. As a general rule the free return requirement results 
in Apollo system characteristics which are well matched to non- 
free return missions as well. 

Performance: 

The mission performance capability of the Apollo system 
is less when using free return than when using non-free return. 
The sizing of the tanks thus tends to be controlled by the desire 
to keep a modest free return mission capability; however, this 
does not result in what could be called an overdesign for the 
non-free return missions. All of the fuel provided is needed for 
reaching more remote lunar landing sites when using non-free re- 
turn missions. 

Mission Planning and Software: 

While the Apollo system is intrinsically capable of 
various kinds of missions, it is specifically limited by software 
and understanding. Particularly for the Real Time Computer Com- 
plex, the decision to go free return could result in an undesirable 
degree of commitment. The specific capability for all mission 
types to be used should be implemented in the software. 

Free return and non-free return are often spoken of as 
binary choices when in reality there are several other concepts 
of mission planning which offer interesting alternatives. Six 
mission strategies are briefly described in the Appendix in what 
is judged to be descending order of safety (and approximately 
increasing order of performance). Item 2 (normal free return) is 
the one which has been most extensively studied with Item 6 prob- 
ably next. 

SUMMARY 

The use of free return translunar trajectories for 
Apollo LOR missions provides a relatively comfortable abort situa- 
tion during translunar coast. The Apollo system requirements 
necessary to accommodate these missions are generally comparable 
to those for a non-free return mission. The largest known differ- 
ence is in the SM fuel required to reach a given lunar landing 
site on an arbitrary day, in which respect the free return mission 
has greater requirements. 
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Probably t h e  most s i g n i f i c a n t  impact  o f  t h e  free 
r e t u r n  requ i rement  i s  on t h e  development o f  m i s s ion  p l a n s  and 
sys tem so f twa re .  
come i r r e v e r s i b l e  a y e a r  o r  more b e f o r e  a mi s s ion  i f  s p e c i f i c  
a l te rna t ive  p r o v i s i o n s  are no t  made i n  t h e  sys tem so f twa re .  

The commitment t o  go f ree  r e t u r n  cou ld  be- 
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APPENDIX 

S e v e r a l  m i s s i on  s t r a t e g i e s  are o u t l i n e d  which are 
p o s s i b l e  a l t e r n a t i v e s  f o r  t h e  Apol lo  l u n a r  l a n d i n g  mi s s ion .  
They each  have c e r t a i n  a t t r i b u t e s  and c e r t a i n  weaknesses.  The 
purpose  o f  o u t l i n i n g  these d i f f e r e n t  s t ra tegies  i s  to emphasize 
t h e  f a c t  tha t  on ly  t h e  ones  which are implemented i n  t h e  s o f t -  
ware are a v a i l a b l e  w i t h  r e a sonab l e  r e sponse  t i m e .  

1. 

2 .  

3. 

4 .  

Free Re turn  Squared: I n  t h i s  s t r a t e g y  t h e  t r a n s l u n a r  i n-  
j e c t i o n  i s  such that a f r ee  r e t u r n  to water impact i s  t h e  
nominal targeted p a t h .  Th i s  i s  a r r anged  by  f r e e i n g  t h e  
l u n a r  approach c o n d i t i o n s  somewhat, p a r t i c u l a r l y  the  pe r i-  
cyn th ion  a l t i t u d e .  A t  a p o i n t  n e a r  f i rs t  midcourse,  a 
modest bu rn  of  t h e  SM c o n v e r t s  to a second free r e t u r n  tra-  
j e c t o r y  which has t h e  c o r r e c t  a r r i v a l  c o n d i t i o n s  a t  t h e  
moon bu t  may impact l and  on t h e  r e t u r n  l eg .  T h i s  s trategy 
g i v e s  added p r o t e c t i o n  a g a i n s t  f a i l u r e  o f  t h e  SPS a t  f i rs t  
s ta r t  by p rov id ing  water impact as w e l l  as f r ee  r e t u r n .  

F r e e  Re turn :  Most o f  t h e  f r ee  r e t u r n  performance computa- 
t i o n s  have assumed t h i s  mode. The t r a n s l u n a r  i n j e c t i o n  i s  
such t h a t  t h e  nominal l u n a r  a r r i v a l  c o n d i t i o n s  are t h e  bes t  
p o s s i b l e  f o r  the  chosen l u n a r  l a n d i n g  s i t e .  Thus, t h e  
normal f ree  r e t u r n  s t r a t e g y  p rov ide s  no r e a l l y  conven ien t  
method of  c o n t r o l l i n g  t h e  ea r th  impact p o i n t  excep t  by m i d -  
cou r se  burns  d u r i n g  t h e  c o a s t i n g  p e r i o d .  

Free Return/Non-Free Return:  
t r a j e c t o r y  used i n  ( 2 ) ,  above,  can b e  used up to approx i-  
m a t e l y  f i r s t  midcourse a t  which t i m e  conve r s ion  to a non- 
f ree  r e t u r n  can be made. S ince  the  energy o f  t h e  des i red  
non- free  r e t u r n  i s  normal ly  l e s s  t h a n  t h e  f r ee  r e t u r n ,  t h i s  
s t r a t e g y  t e n d s  to be w a s t e f u l  and t h e r e f o r e  p rov ide s  on ly  
modest b e n e f i t s  measured i n  l u n a r  a c c e s s i b i l i t y .  It pro-  
t e c t s  a g a i n s t  f a i l u r e  of  t h e  f i rs t  SPS s t a r t  w h i l e  ob ta i f i ing  
t h i s  somewhat b e t t e r  performance.  

The nominal f ree  r e t u r n- t y p e  

E l l i p t i c a l  F r ee  Return:  The normal f r ee  r e t u r n  circum- 
n a v i g a t e s  the  moon, Another proposed t y p e  would r e t u r n  t o  
ear th  wi thou t  go ing  around t h e  moon. T h i s  g e n e r a l l y  r e q u i r e s  
a lower energy i n j e c t i o n .  A t  some p o i n t s  e a r l y  i n  the  mi s s ion  
( l i k e  f i r s t  midcourse)  t h e  SM would add energy t o  cause  t h e  
t r a j e c t o r y  t o  c i rcumnaviga te  t h e  moon bu t  no t  on a f ree  r e t u r n  
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trajectory. This strategy protects only against failures 
of the first SPS start. It does this while retaining 
performance nearly like that obtainable with non-free 
return missions. 

Fixed Time of Flight-Non-Free Return: The non-free 
return mission provides two additional degrees of freedom 
which may be represented by translunar flight time and 
inclination of the plane of approach to the moon. Fixing 
the flight time and optimizing the inclination results in 
performance which varies significantly as a function of the 
flight time chosen. For a flight time like 90 hours, the 
performance is considerably better than free return but 
perhaps not as good as elliptical free return. 

Variable Flight Time - Mon-Free Return: The dependence of 
the performance on translunar time of flight suggests 
making this an optimization variable. Such is found to be 
quite beneficial and the general rule is that westerly 
landing sites favor long flight times and eastern landing 
sites favor short flight times. The transearth flight 
times are optimized for all of the mission types. 


